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42a Sunday, February 3, 2013J1(u0) and J2(2u0) involved simultaneous temperature-dependent fitting in
terms of both diffusion and jump models for the methyl group dynamics. We
conclude that spectral density analysis in terms of fluctuations of nuclear
spin Hamiltonian will help us understand the activation mechanism and molec-
ular dynamics of rhodopsin and related G protein-coupled receptors.
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G protein-coupled receptors (GPCRs) represent the largest family of integral
membrane receptors and are involved in many intracellular communications
in response to diverse external stimuli. Despite advances in GPCR biophysical
characterization, a major challenge continues to be the isolation of large quan-
tities of membrane protein in functional form. Here we report the purification of
a GPCR, namely the human adenosine receptor A2A, using solely the short hy-
drocarbon chain lipid 1,2-dihexanoyl-sn-glycero-3-phosphocholine (DHPC, di-
6:0PC). After purification, the receptor remains folded and capable of binding
to ligand. Interestingly, no cholesterol addition was required to retain receptor
activity and no detergent removal step was necessary. Additionally, this ap-
proach will enable the addition of longer chain lipids create biomimetic mem-
brane systems (e.g. bilayered micelles) that can be oriented in the presence of
a magnetic field, which are widely used in NMR studies.
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The topology of cell membranes attracts increasing attention as a potential reg-
ulator of numerous vital cellular functions such as protein sorting, association
and localization [1,2,3]. To examine the influence of membrane shape on
GPCR oligomerization we developed a fluorescence-based assay, employing
a model membrane system with the prototypical GPCR, human b2-adrenergic
receptor, b2AR, reconstituted in liposomes [4]. We monitored receptor oligo-
merization by intermolecular FRET between b2AR-Cy3 and b2AR-Cy5 in
membranes of different curvature (75-400 nm in diameter) at the single proteo-
liposome level by the use of confocal microscopy.
We report that oligomer assembly is highly affected by the shape of the mem-
brane. Physiological occurring membrane curvatures (1/75 nm1) drive disso-
ciation of stable oligomers formed in flat membranes (1/400 nm1), reducing
the absolute EFRET by ~60%, which corresponds to ~60% reduction of oligo-
meric clusters. Thus we propose that changes in geometrical membrane curva-
ture, during e.g. receptor internalization upon agonist stimulation, are
a potential allosteric regulator of GPCR assembly.
1. Hatzakis, ND. et al. Nature Chemical Biology 5, 835-841 (2009).
2. Bhatia, VD. et al. EMBO Journal 28, 3303-3314 (2009).
3. McMahon H.T. and Gallop J.L., Nature 438, 590-6 (2005).
4. Fung, J.J. et al. EMBO J 28, 3315-3328 (2009).
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Kyoto University, Kyoto, Japan.Many membrane proteins are proposed to work as oligomers, however, the con-
clusion is sometimes controversial, as for b2-adorenergic receptor (b2AR),
which is one of the best-studied family A G-protein-coupled receptors. This
is due to the lack of methods for precise detection of oligomerization state of
membrane proteins on living cells. Fluorescence and bioluminescence reso-
nance energy transfer (FRET and BRET) have been widely used as a nonde-
structive indicator of interaction among target proteins in living cells.
Although most studies use fluorescent proteins or luminescent proteins to label
the target proteins, these methods have limitations for the quantitative analysis
of protein oligomerization.
We have recently developed the novel coiled-coil tagprobe method to
overcome these problems [1-3]. The coiled-coil tagprobe labeling method
utilizes tight interaction between the heterodimeric coiled-coil peptides E3
(EIAALEK)3 and K4 (KIAALKE)4. The E3 peptides were genetically tagged
to the N-termini of target membrane proteins, whereas the K4 probes were
chemically synthesized and labeled at their N-termini with either the donor
dye Alexa Fluor 568 or the acceptor dye Alexa Fluor 647 to obtain Alexa568-
K4 (donor) or Alexa647-K4 (acceptor), respectively. The addition of the K4
probes can label the E3-tagged receptors expressed on living cells within 1 min.
Here using the coiled-coil labeling method combined with in-cell fluorescence
spectroscopy, we succeeded in determining the oligomerization states of sev-
eral standard membrane proteins. Having validated the method, we examined
the oligomeric states of b2ARs and influenza virus A M2 ion channel.
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In Euglena gracilis, cell membranes on the ridge regions of the striped surface
structure are covered with paracrystalline arrays, mainly composed of the inte-
gral membrane protein, called IP39. It has recently been cloned as a putative
four-membrane-spanning protein with a conserved sequence motif of PMP-
22/EMP/MP20/Claudin superfamily. Here, we report the three-dimensional
structure of Euglena IP39 at 7 A˚ resolution determined by image-based electron
crystallography of two-dimensional (2D) crystals. The 2D crystal array of IP39
appears to be a striated pattern of the antiparallel double-rows, in which the tri-
meric units of IP39 are longitudinally polymerized, resulting in continuously
extending zigzag lines. Each protomer shows an overall cylindrical density (ap-
proximately 20 A˚ in diameter) with ‘nock’ and ‘pointed’ shapes at the respec-
tive sides of the membrane. Structural analysis of another 2D crystal bound
with anti-phosphotyrosine Fab fragments reveals that the ‘nock’-like protruded
structure is facing to the cytoplasmic side. A four-helical bundle model is con-
sistently fitted to the EM density map and shows that the transmembrane
regions are mainly involved in the intermolecular interactions to form the linear
strands. The polymerization pattern of IP39 in the 2D crystal, however, exhibits
unexpected interactions between respective protomers. In the trimeric unit of
the single strand, one of the three protomers is likely to be rotated at approxi-
mately 180 degree in the opposite direction to the others, indicating that there
are at least three different ways of possible intermolecular interactions in the
transmembrane regions between neighboring protomers. A combination of
such multiple interactions would be important for the continuous linear poly-
merization, thus providing important implications in the strand formation of
other four-transmembrane proteins of this family in the lipid environment.
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Intercellular gap junction channels are formed by the end-to-end docking of
connexin (Cx) hexamers that traverse apposing cell membranes. Each Cx sub-
unit has four transmembrane (TM) a-helices and two extracellular loops (E1
and E2). Three-dimensional crystals of recombinant, purified Cx26 were grown
using a new class of detergents designated facial amphiphiles (FAs), which
